AIR/OIL SEPARATION SYSTEM AND METHOD 



FIELD OF THE INVENTION 

[0001] The present invention relates to an air/oil 

separation system and a method of lubricating an aircraft 
engine using same. 

BACKGROUND OF THE INVENTION 

[0002] The air/oil separator described in United States 
patent 6,398,833, to Santerre et al . and assigned commonly 
herewith has a rotatable hollow shaft to which the air/oil 
separator is mounted. The air/oil mixture is collected 
from the main bearing cavities and delivered to the 
accessories gearbox (AGB) casing, before entering the 
air/oil separator. However, the air/oil mixture collected 
from the main bearing cavities of the aircraft engine is 
relatively hot and the temperature thereof is typically 
more than 400 degrees F. Heat reduces the longevity of 

the seals of the AGB, however, therefore, there is a need 
for improvement . 

SUMMARY OF THE INVENTION 

[0003] An object of the present invention is to provide an 
improved air/oil separating system. 

[0004] In accordance with one aspect of the present 
invention, there is a method provided for lubricating an 
aircraft engine, comprising steps of: collecting a hot 
air/oil mixture from a main bearing cavity of the engine; 
delivering the hot air/oil mixture directly into an air/oil 
separating system; separating liquid oil from air contained 
in the air/oil mixture through the air/oil separating 
system; cooling the separated liquid oil; and transferring 
a first amount of the cooled liquid oil into the gearbox 
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for lubrication while transferring a second amount of the 
cooled liquid oil to the main bearing cavity for 
lubrication. 

[0005] In accordance with another aspect of the present 
invention, there is a centrifugal air/oil separation system 
provided substantially inside a rotatable hollow shaft 
disposed substantially horizontally within a gearbox of an 
aircraft engine. The centrifugal air/oil separating system 
comprises an annular separating chamber defined coaxially 
within the hollow shaft and adapted to rotate together with 
the hollow shaft. A stationary annular cavity is 

positioned at an end of the hollow shaft, communicating 
with a cavity of the engine disposed outside the gearbox, 
for collecting an air/oil mixture therefrom such that the 
air/oil mixture is substantially isolated from contacting 
components inside the gearbox. A mixture inlet passage is 
defined between the annular cavity and the annular 
separating chamber, permitting the air/oil mixture in the 
annular cavity to enter the annular separating chamber for 
centrifugal separation. An air outlet passage is defined 
through the annular cavity, communicating the annular 
separating chamber with outside of the engine, for 
discharging air separated from the air/oil mixture in the 
annular separating chamber. An oil outlet passage is 
further provided for discharging oil separated from the 
air/oil mixture in the annular separating chamber, into the 
annular cavity. 

[0006] The air/oil separation system of the present 
invention advantageously reduces heat, transfer to, for 
example, an accessories gearbox (AGB) in which the air/oil 
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separating system is installed and operated, because the 
structure of the air/oil separating system of the present 
invention permits the hot air/oil mixture to be collected 
directly from the main bearing cavities and directly 
discharges the separated liquid oil and the separated air, 
and thus substantially isolates the hot mixture and the hot 
separated liquid oil from directly contacting the gears and 
other components of the gearbox, which results in AGB 
temperatures cooler than that of the prior art, thereby 
increasing the seal life of the AGB. 

[0007] Other features and advantages of the present 
invention will be better understood with reference to the 
preferred embodiment described hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Reference will now be made to the accompanying 
drawings, in which: 

[0009] Fig. 1 is a schematic view of a bypass turbine 
engine incorporating one embodiment of the present 
invention; 

[0010] Fig. 2 is a diagram illustrating a conventional 
method of lubricating an aircraft engine; 

[0011] Fig. 3 is a diagram illustrating a method of 
lubricating an aircraft engine in accordance with the 
present invention; and 

[0012] Fig. 4 is a longitudinally cross-sectional view of 
an air/oil separation system incorporated in a hollow shaft 
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of an accessories gearbox according to one preferred 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0013] A bypass gas turbine engine seen schematically in 
Fig. 1 which incorporates an embodiment of the present 
invention to illustrate as an example, the application of 
the present invention, includes a housing or nacelle 70, a 
low pressure spool assembly seen generally at 72 which 
includes a fan 71, low pressure compressor 73 and low 
pressure turbine 75, a high pressure spool assembly seen 
generally at 74 which includes a high pressure 
compressor 77, high pressure turbine 79 and a bevel 
gear 90, a burner seen generally at 76, and an accessory 
drive assembly seen generally at 78. 

[0014] Accessory drive assembly 78 includes, for example, 
a gearbox 2 04 secured to a bottom mounting face of 
nacelle 70, a pump assembly 82 secured to an aft mounting 
face of gearbox 2 04 and a starter generator 84 secured to a 
forward mounting face of gearbox 2 04. Accessory drive 
assembly 78 is driven by high pressure spool 74 via an 
accessory shaft 86 carrying a bevel gear 88 at its upper 
end engaging bevel gear 9 0 and carrying a bevel gear 92 at 
its lower ed engaging a bevel gear 94 in gearbox 204. The 
gas turbine engine further includes a lubrication system 
(not shown) for lubricating and cooling the main bearings 
(not shown) and the gearbox 204. The lubrication system 
includes an air/oil separation system 212 which, for 
example, is installed within the gearbox 204, to recover 
the lubricant oil for re-use, and a scavenging system for 
scavengine the lubricant oil before being re-used. 
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[0015] Before describing the present invention, a brief 
description of the prior art, with reference to Fig. 1 is 
now given. In Fig. 1, liquid oil in an oil supply 
source 100 such as an oil reservoir, is conventionally 
directed under pressure into main bearing cavities 102 of 
the main shaft of the aircraft engine . During the 
lubrication in the main bearing cavities 102, the liquid 
oil is mixed with the relatively hot compressed air streams 
used to pressure labyrinth seals of the main bearing 
cavities, resulting in a hot air/oil mixture because the 
liquid oil absorbs heat energy produced in the main bearing 
cavities as a result of the very high speed rotation of the 
main shaft of the aircraft engine, and further mixes with 
the relatively hot compressed air streams. In order to 
separate the liquid oil from air contained in the hot 
air/oil mixture using a centrifugal separator 106 mounted 
within for example, an accessories gearbox (AGB) 104 (which 
is driven by the main shaft of the aircraft engine) , the 
hot air/oil mixture is collected from the main bearing 
cavities 102 of the engine into the AGB 104 in which the 
hot air/oil mixture reaches the inlet of the centrifugal 
separator 106. Liquid oil contained in the air/oil mixture 
in the centrifugal separator 106, is under centrifugal 
forces and is discharged to the inside of the AGB 104, 
after which it accumulates at a lower portion of the AGB 
104, and is then delivered to a scavenging system 108. Air 
contained in the air/oil mixture in the centrifugal 
separator 106 under the pressure differential is discharged 
through a passage (as indicated by the broken line arrow 
110) , which is isolated from the inside of the AGB 104, to 
outside of the engine. The recovered liquid oil after the 
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scavenging process, is returned to the oil supply source 
100. The liquid oil immediately after -separation from the 
hot air/oil mixture, is still relatively hot, and then 
becomes much cooler after the scavenging process and by 
being mixed with the liquid oil stored in the oil supply 
source 100. This cooling step is indicated by block 112, 
which does not necessarily indicate a specific oil cooling 
device. 

[0016] In Fig. 2, a diagram illustrates a method according 
to the present invention for lubricating an aircraft 
engine. Relatively cool liquid oil is contained in an oil 
supply source 2 00, for example, an oil reservoir. A first 
amount of the cool liquid oil is transferred directly to a 
gearbox of the aircraft engine, for example, an accessories 
gearbox (AGB) 204, as indicated by the arrowed line 206. 
The first amount of the cooled liquid oil enters the casing 
of the AGB 2 04 and lubricates the gears and other 
components (not shown) of the AGB 2 04 by any suitable 
means, such as splashing disk. A second amount of the cool 
liquid oil is transferred from the oil supply source 200 to 
the main bearing cavities 202 of the main shaft of the 
aircraft engine, for lubricating and cooling the bearings 
around the main shaft of the aircraft engine, as indicated 
by the arrowed line 210. In the main bearing cavities 2 02, 
the cool liquid oil becomes a relatively hot air/oil 
mixture because of heat energy produced by the high-speed 
rotation of the bearings and the main shaft of the aircraft 
engines, and because of the relatively hot compressed air 
streams used to pressure labyrinth seals, which enters the 
main bearing cavities 202, resulting in aeration of the 
liquid oil in the main bearing cavities 202. The 
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relatively hot air/oil mixture is collected from the main 
bearing cavities 202 and delivered into a air/oil 
separation system 212 disposed inside the AGB 204. The 
air/oil separation system 212 is preferably defined within 
a rotatable hollow shaft of the AGB 2 04 in order to create 
centrifugal forces for separation of the respective liquid 
oil and air contained in the hot air/oil mixture. The 
delivery of the hot air/oil mixture from the main bearing 
cavities 202 is conducted, as indicated by the arrowed 
line 214, such that the hot air/oil mixture is delivered 
directly into the air/oil separation system 212 and is 
isolated from contacting the gears and other components of 
the AGB 2 04, in order to reduce or minimize heat transfer 
from the hot air/oil mixture to the AGB 204. The air/oil 
separation system 212 is specifically configured for such 
an application and will be described in detail with 
reference to Fig. 3 hereinafter. 

[0017] The air separated from the hot air/oil mixture in 
the air/oil separation system 212, is discharged through a 
passage indicated by the arrowed broken line 216 out of the 
AGB 204 and finally to outside of the engine. The liquid 
oil separated from the hot air/oil mixture in the air/oil 
separation system 212 is still relatively hot and therefore 
is collected and discharged in an isolated condition 
relative to the AGB 204, to an oil scavenging system 218 as 
indicated by the arrowed line 220. 

[0018] The first amount of the cool liquid oil having 
entered the AGB 2 04 and having lubricated the gears and 
other components of the AGB 2 04 is collected in a lower 
portion of the casing of the AGB. During the lubrication 
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of the gears and other components of the AGB 2 04 the liquid 
oil within the casing of the AGB 204 is not substantially 
aerated because there is no compressed airflow acting on 
the liquid oil for the lubrication in the casing of the 
AGB 204. The liquid oil collected in the lower portion of 
the AGB 2 04 is somewhat warmer than the cool liquid oil in 
the oil supply source 200 but is cooler than the liquid oil 
separated from the hot air/oil mixture in the air/oil 
separation system 212, and is then delivered to the oil 
scavenging system 218 as indicated by the arrowed line 222. 
The oil scavenging system 218 processes the liquid oil 
collected from both the air/oil separation system 212 and 
the casing of the AGB 2 04 in a manner well known in the 
art, and the recovered clean liquid oil is then returned 
from the oil scavenging system 218 to the oil supply 
source 200 for further use, as indicated by the arrowed 
line 224. The liquid oil is cooled before re-entering the 
circuit for lubricating and cooling the one or more main 
bearing cavities 202 and the AGB 204. The cooling process, 
as indicated by the block 22 6, may be conducted by any 
suitable means for cooling which is connected after the oil 
supply source 2 00, or may be naturally achieved during the 
oil scavenging process and more particularly within the oil 
supply source 2 00 when being mixed with a greater amount of 
cool liquid oil contained within the oil supply source 200. 

[0019] Fig. 3 illustrates an embodiment of the present 
invention which is specifically configured for use in the 
method of the present invention illustrated in Fig. 2, 
functioning as the air/oil separation system 212 in Fig. 2. 
The embodiment of the present invention shown in Fig. 3 
generally includes a centrifugal separation system, 
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indicated by numeral 10 which is substantially defined 
within a hollow shaft 12 of a gearbox, such as an accessory 
gearbox of an aircraft jet engine (not shown) . The hollow 
shaft 12 is substantially horizontally disposed and 
rotatably supported in bearings 14 and 16, and is driven 
from a main shaft (not shown) of the engine by way of 
gear 20. 

[0020] An annular separating chamber 22 is coaxially and 
sealingly mounted within the hollow shaft 12 at one end 
thereof, and includes first and second radial walls 24, 26 
which are axially spaced apart from each other. A 
cylindrical exterior wall 28 extends between the first and 
second radial walls 24, 26, and a cylindrical interior 
wall 3 0 extends from the first radial wall 24 through a 
central opening (not indicated) of the second radial 
wall 26, thereby defining the annular separating chamber 22 
between the first and second radial walls 24, 26 and 
between the exterior and interior walls 28, 30, as well as 
defining an axial central passage 32 within the cylindrical 
interior wall 30. A plurality of openings 34 are defined 
in the cylindrical interior wall 30, preferably located at 
the end thereof close to the first radial wall 24 vsuch that 
the central axial passage 32 is in fluid communication with 
the annular separating chamber 22. 

[0021] The cylindrical exterior wall 28 is preferably 
radially spaced apart from the interior of the hollow 
shaft 12, thereby defining an annular passage 36 between 
the interior of the hollow shaft 12 and the cylindrical 
exterior wall 28 of the annular separating chamber 22. The 
first and second radial walls 24,. 26 preferably have a 
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diameter substantially equal to the diameter of the 
interior of the hollow shaft 12 such that the annular 
passage 36 is closed at opposite ends thereof by the 
respective radial walls 24, 26. A plurality of openings 38 
permit fluid flow from the annular separating chamber 22 to 
the annular passage 36. Preferably, seals (not shown) are 
provided at least at one end of the annular passage 3 6 
proximate to the first radial wall 24 in order to ' prevent 
fluid leakage from the annular separating chamber 22 and 
the annular passage 3 6 into the remaining section of the 
hollow shaft 12. 

[0022] The hollow shaft 12 preferably includes a 
diametrically enlarged section, as illustrated in Fig. 3, 
for accommodation of the annular separating chamber 22. In 
order to provide a suitable capacity for the separating 
process . 

[0023] The annular separating chamber 22 is mounted within 
the hollow shaft 12 in a suitable manner such that the 
annular separating chamber 22 is restrained from rotation 
relative to the hollow shaft 12, thus the annular 
separating chamber 22 rotates together with the hollow 
shaft 12 when the hollow shaft 12 is driven to rotate by 
the main shaft of the aircraft engine. 

[0024] The centrifugal air/oil separation system 10 
further includes a stationary annular cavity 4 0 which can 
be either supported by a structure within the accessory 
gearbox or integrated into the structure of the casing of 
the accessory gearbox. The annular cavity 4 0 is positioned 
at the end of the hollow shaft 12 where the annular 
separating chamber 22 is mounted. The annular cavity 4 0 
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preferably includes a side radial wall 42 and an exterior 
cylindrical wall 44. The exterior cylindrical wall 44 'has 
a diameter greater than the diameter of the enlarged 
section of the hollow shaft 12 which contains the annular 
separating chamber 12, and extends over an end portion of 
the enlarged section of the hollow shaft 12 such that the 
bearing 16 is accommodated in the annular space defined 
between the hollow shaft 12 and the stationary annular 
cavity 40. Therefore, the hollow shaft 12 is rotatably 
supported at its end by the stationary annular cavity 40. 
The end portion of the hollow shaft 12 extends into the 
annular cavity 40 such that a plurality of holes 46 defined 
in the hollow shaft in the end portion thereof communicate 
the annular cavity 40 with the annular passage 36. 

[0025] The cylindrical interior wall 3 0 of the annular 
separating chamber 22 which extends from the first radial 
wall 24 through the central opening of the second radial 
wall 26, further extends into the stationary annular 
cavity 40 to form a part or entire interior of the annular 
cavity 40. The side radial wall 42 of the stationary 
annular cavity 4 0 defines a central opening (not indicated) 
sized and configured to accommodate a seal assembly 48 
around the extension of the cylindrical interior wall 3 0 of 
the annular separating chamber 22, thereby completing the 
enclosure of the annular cavity 40 without interfering with 
the rotation of the annular separating chamber 22 together 
with the hollow shaft 12. The seal assembly 48 may further 
include appropriate structures such as an outlet nozzle 18, 
if required, to be connected with for example, a tube (not 
shown) for discharging clean air out of the aircraft 
engine . 



- 12 - 



[0026] A plurality of openings 50 are defined in the 
second radial wall 2 6 which is adjacent to the annular 
cavity 40, communicating the annular cavity 40 with the 
annular separating chamber 2 2 in order to permit the hot 
air/oil mixture to flow into the inside of the annular 
separating chamber 22. A tube 52 is connected to the 
annular cavity 4 0 and in fluid communication with the 
inside of the annular cavity 40, and for example, the main 
bearing cavities (not shown) of the aircraft engine where 
the hot air/oil mixture is generated. The tube 52 is 
connected preferably tangentially with the cylindrical 
wall 44 of the annular cavity 4 0 (but could also be in the 
side radial wall 42) in a location such that the hot 
air/oil mixture from the bearing cavities flows in a 
substantially axial direction through the annular cavity 40 
and then enters the openings 50 in the second radial wall 
26 of the annular separating chamber 22. A liquid oil 
outlet (not shown, but indicated by the arrow 54) is 
defined in either the side wall 42 or the cylindrical 
exterior wall 44, but preferably in a lower location of the 
annular cavity 40, and is connected to an oil scavenging 
system (not shown) to discharge the liquid oil collected in 
the annular cavity 40 into the oil scavenging system for 
further processing. 

[0027] Inside the annular separating chamber 22 there is 
provided a packing 56 snuggly fitted between and 
frictionally engaging the exterior and interior cylindrical 
walls 28, 30 such that the assembly of the annular 
separating chamber 22 is secured together. The packing 56 
includes a permeable and substantially rigid matrix 
material, such as the product Ret imet™ made by the Dunlop 
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Company Ltd. However, the matrix material could be formed 
of any suitable mesh material, for example, wire gauze, 
expanded mesh, a plurality of pieced plates, or 
alternatively, a bristle structure. The essential feature 
of the matrix is that it should provide both axial and 
radial passages therethough, as well as a relatively large 
surface area of the passages on which oil particles can be 
collected so that oil can migrate radially outwards and air 
can migrate radially inwards, while the air/oil mixture 
travels axially through the matrix. 

[0028] Details of the packing 56 and other features of the 
annular separating chamber 22 are described in United 
States Patent 6,398,833, the entire specification of which 
is incorporated herewithin by reference. The present 
invention, in this aspect, involves the installation of the 
annular separating chamber 22 into the hollow shaft 12, the 
hollow shaft 12 therfore. substantially incorporating the 
centrifugal air/oil separation system 10. As shown in 
Fig. 3, the section of the hollow shaft 12 at the end 
wherein the annular separating chamber 22 is installed, is 
enlarged to a diameter relative to the remaining section of 
the hollow shaft 22, in order to accommodate the annular 
separating chamber 22 therein. Nevertheless, the diameter 
of the enlarged section of the hollow shaft 12 is 
preferably limited to a size, if an annular separating 
chamber providing the required air/oil separation capacity 
can be accommodated therein, such that the gear 2 0 can be 
mounted to the enlarged section of the hollow shaft 12, as 
indicated by numeral 20a, resulting in, for example, an 
accessory gearbox housing shortened by a distance indicated 
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by double arrow 58. This minimizes possible interference 
between accessories and other engine parts. 

[0029] In operation, the air/oil mixture generated in the 
one or more main bearing cavities enters the stationary 
annular cavity 40 through the tube 52. The air/oil mixture 
is substantially in a gaseous state with fine oil particles 
suspended therein, and therefore a substantial portion of 
the air/oil mixture will flow in a substantially axial 
direction into the openings 50 of the annular separating 
chamber 22, while a minor portion of the air/oil mixture 
fills the inside space of the annular cavity 40, and 
eventually enters the openings 50. The air/oil mixture 
passes axially through the packing 56 while the packing 56 
rotates together with the annular separating chamber 22 and 
the hollow shaft 12. While the mixture is traveling 
axially through the packing' 56, the oil particles in the 
mixture are collected by the large surface area of the 
passages formed inside of the packing 56. The oil 

particles collected on the surface areas of the packing 56 
are then forced under centrifugal forces to travel radially 
and outwardly to pass through the openings 3 8 in the 
cylindrical exterior wall 28 and arrive in the annular 
passage 36. The liquid oil collected in the annular 
passage 3 6 is further pushed through the annular passage 3 6 
and exits therefrom through the plurality of holes 46 in 
the hollow shaft 22, to enter the annular cavity 40. The 
liquid oil together with the hollow shaft 22, in rotation, 
is splashed under its inertia onto the inner surface of the 
annular cavity 40, and mostly on the inner surface of the 
exterior cylindrical wall 44 thereof, when entering the 
stationary annular cavity 40. The liquid oil splashed on 
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the inner surface of the annular cavity 40, is eventually 
collected under gravity in a lower location within the 
annular cavity 40, where is taken away through the oil 
outlet 54, by the oil scavenging system. The air contained 
in the mixture while traveling axially through the rotating 
packing 56, flows radially inwardly under the pressure 
differential, and then through the openings 34 in the 
interior cylindrical wall 30 to enter the central axial 
passage 32 to be discharged to outside of the engine. 

[0030] The internal installation of the separating chamber 
in the hollow shaft advantageously prevents liquid oil in 
the accessory gearbox for lubrication and cooling, from 
splashing on the annular separating chamber to block the 
passages of the packing therein because all inlets and 
outlets of the annular separating chamber are protected by 
either the hollow shaft or the walls of the annular cavity. 
Therefore, the separation efficiency of the system is 
assured and improved. 

[0031] Modifications and improvements to the 

above-described embodiments of the present invention may 
become apparent to those skilled in the art. For example, 
any suitable method of air/oil separation may be employed, 
making such modifications as well be apparent to the 
skilled reader. Also, some elements may be added or 
subtracted from the system described without departing from 
the scope of the invention disclosed. Similarly, placement 
of certain elements of the invention such as the separator, 
in the engine AGB are not critical to the disclosed 
functionality, and thus not essential to the invention 
disclosed. The foregoing description is intended to be 
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exemplary rather than limiting. The scope of the present 
invention is therefore, intended to be limited solely by 
the scope of the appended claims. 



